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than	 the	 manual	 technique.	 Many	 companies	 design	 their	 products	 based	 on	 data	 obtained	 from	 3D	












close	 to	 the	 real	 value	 and	 are	 similar	 to	 the	 already	 proven	methods.	Most	 importantly,	 whatever	 the	
application	or	method	used,	the	measurement	of	the	human	form	needs	to	be	practical	and	accurate	[6,7].	













studies	 or	 for	many	 other	 applications	 ranging	 from	determining	 garment	 sizes	 for	 the	 clothing	 industry	















































































lack	 of	 validity,	 lack	 of	 reliability,	 lack	 of	 reproducibility	 and	 bias	 [33].	 However,	 the	 definitions	 and	
interpretation	of	 each	one	of	 these	 terms	 vary	 from	author	 to	 author.	With	 the	 literature	 review	 it	was	








or	 difficulties	 in	 the	 measurement	 of	 certain	 anthropometric	 characteristics	 (such	 as	 skinfolds	 or	 large	
circumferences)	 [5,35].	 The	 greater	 the	 variability	 between	 repeated	 measurements,	 the	 greater	 the	
imprecision	[33,34].		
The	 imprecision	 of	 anthropometric	 measurements	 is	 often	 evaluated	 using	 the	 Technical	 Error	 of	
Measurement	(TEM).	TEM	is	the	most	common	way	to	express	the	measurement	error	in	anthropometry.	

























scores	 of	 individuals,	 i.e.,	 the	 degree	 to	 which	 repeated	 measurements	 vary	 for	 individuals.	 It	 can	 be	
quantified	using	the	Standard	Error	of	Measurement	(SEM)	and	the	Coefficient	of	Variation	(CV).	








unit-less	and	also	vary	 from	0	 (all	between-subject	variation	was	caused	by	measurement	error)	 to	1	 (no	
measurement	 error)	 [5,35].	 Higher	 values	 of	 R	 imply	 greater	 reliability	 and	 values	 larger	 than	 0.95	 are	
considered	sufficiently	reliable	[5,33,35].	




reliability.	Denegar	&	Ball	 [45]	 state	 that	direct	 calculation	of	 the	SEM	 involves	 the	determination	of	 the	
standard	deviation	of	a	large	number	of	data	points	from	an	individual.	





to	 use	 when	 comparing	 methods.	 Nonetheless,	 Bland	 [47]	 pointed	 out	 that	 expressing	 the	 error	 as	 a	





















	 Females	(n=17)	 Males	(n=20)	 Total	(n=37)	
Age	(years)	 23.94	±	3.33	 24.10	±	2.79	 24.03	±	3.01	
Height	(m)	 1.66	±	0.07	 1.77	±	0.06	 1.72	±	0.09	



































(two	 scans;	 two	 files)	 and	 then	 manually	 with	 the	 ten	 body	 dimensions	 measured	 always	 in	 the	 same	
sequence.	Between	repetitions	the	participants	were	able	to	relax	and	go	back	to	the	measuring	posture.	
As	 analyzing	 all	 the	 possible	 body	 measurements	 would	 be	 an	 unrealistic	 task,	 a	 set	 of	 ten	 basic	 body	





















This	 selection	 includes	 some	 of	 the	 most	 significant	 different	 types	 of	 measurements:	 circumferences,	






















	 Mean	(Manual)	 Mean	(3D)	 Standard	Deviation	(Manual)	
Standard	Deviation	
(3D)	
1.			Neck	circumference	 38,94	 41,84	 3,50	 5,52	
2.			Waist	circumference	 75,40	 81,75	 9,43	 10,42	
3.			Hip	circumference	 93,45	 104,31	 6,74	 11,01	
4.			Mid	thigh	circumference	 44,40	 46,78	 4,27	 5,37	
5.			Knee	circumference	 36,56	 37,21	 2,59	 4,07	
6.			Calf	circumference	 36,34	 39,70	 2,98	 4,97	
7.			Ankle	circumference	 23,08	 26,61	 1,61	 3,66	
8.			Shoulder	width	 45,41	 46,98	 4,51	 5,75	
9.			Across	chest	length	 36,20	 36,00	 3,09	 5,44	











	 TEM	(Manual)	 TEM	(3D)	 %TEM	(Manual)	 %TEM	(3D)	
1.			Neck	circumference	 0.51	 0.84	 1.30	 2.01*	
2.			Waist	circumference	 1.01	 0.84	 1.35	 1.02	
3.			Hip	circumference	 0.99	 1.06	 1.06	 1.02	
4.			Mid	thigh	circumference	 0.48	 1.01	 1.08	 2.15*	
5.			Knee	circumference	 0.26	 0.33	 0.70	 0.90	
6.			Calf	circumference	 0.23	 0.86	 0.64	 2.16*	
7.			Ankle	circumference	 0.25	 0.56	 1.08	 2.09*	
8.			Shoulder	width	 0.66	 1.25	 1.44	 2.66*	
9.			Across	chest	length	 0.56	 0.94	 1.56*	 2.62*	











Figure	 2	 depicts	 the	 differences	 between	 the	 results	 of	 the	 two	 analyzed	 methods.	 There	 are	 some	
measurements	where	the	difference	between	methods	was	not	very	accentuated,	such	as	the	knee	or	hip	
circumferences.	Opposing,	there	are	some	measurements	that	present	differences	higher	than	0.5cm	–	mid-
thigh	 circumference,	 calf	 circumference,	 shoulder	 width	 and	 across	 back	 length.	 The	 biggest	 difference	





















































was	 0.8	 for	 the	 neck	 circumference,	 which	 still	 represents	 a	 good	 reliability.	 Surprisingly,	 the	 neck	
circumference	 was	 the	 only	 measurement	 where	 the	 ICC	 value	 was	 higher	 in	 the	 3D	 technique.	 When	
comparing	the	two	methods,	all	the	measurements,	except	the	neck	circumference,	present	a	slightly	higher	



















































































	 Manual	 	 3D	
	 TEM	 %TEM	 ICC	 R	 SEM	 CV	 	 TEM	 %TEM	 ICC	 R	 SEM	 CV	
1.			Neck	circumference	 	 	 	 	 W	 	 	 	 	 	 	 	 	
2.			Waist	circumference	 W	 	 B	 B	 	 W	 	 	 	 B	 B	 	 	
3.			Hip	circumference	 	 	 	 	 	 	 	 	 	 	 B	 W	 B	
4.			Mid	thigh	circumference	 	 	 B	 B	 	 	 	 	 	 	 	 	 	
5.			Knee	circumference	 	 	 B	 B	 	 	 	 B	 B	 	 B	 B	 	
6.			Calf	circumference	 B	 B	 B	 B	 B	 	 	 	 	 	 	 	 	
7.			Ankle	circumference	 	 	 	 	 	 B	 	 	 	 	 	 	 	
8.			Shoulder	width	 	 	 	 	 	 	 	 W	 W	 W	 W	 	 	
9.			Across	chest	length	 	 W	 	 W	 	 	 	 	 	 	 	 	 W	





the	 across	 back	 length,	 that	 was	 neither	 very	 reliable	 nor	 very	 precise	 in	 either	 method.	 The	 calf	
circumference	is	the	only	measurement	that	represents	the	best	result	in	almost	every	evaluation	parameter	






The	 ranking	of	each	measurement	 inside	each	variable	was	plotted	 for	both	methods.	The	 results	of	 the	
calculation	for	each	variable	were	placed	in	ascending	or	descending	order	according	to	the	meaning	of	the	








This	 graphical	 representation	 helps	 to	 understand	 which	 measurements	 have	 the	 best	 and	 worst	































Interestingly,	 in	 the	 3D	 technique,	 the	 waist	 circumference	 measurement,	 that	 had	 one	 of	 the	 worst	
behaviors	 in	 the	 manual	 method,	 has	 now	 a	 better	 performance	 than	 many	 other	 measurements.	




surrounding	 this	 area	 and	 by	 pressure	 exerted	 on	 the	 measuring	 tape.	 Areas	 with	 large	 amounts	 of	
accumulated	fat	tissue	are	more	difficult	to	measure	manually	not	only	because	of	the	difficulty	to	determine	
the	correct	pressure	 to	exert	but	also	because	of	 the	difficulty	of	 identifying	 the	correct	 landmark.	Using	






































In	 terms	 of	 the	 limits	 of	 agreement,	 they	 are	 widely	 separated	 from	 the	 mean,	 which	 indicates	 some	
ambiguity	in	the	results.	In	contrast,	there	are	also	some	measurements	where	the	limits	of	agreement	were	
















Regardless	 of	 the	 values	 themselves,	 which	 represent	 a	 natural	 variation	 in	 measurements	 among	 the	









circumference),	 this	 identification	 can	 often	 be	 extremely	 challenging.	 Furthermore,	 the	 location	 of	 the	





















































The	 limits	 for	 all	 the	 error	 measurement	 evaluation	 calculations	 was	 originally	 meant	 for	 manual	





The	results	of	 this	study	showed	that,	 for	most	of	 the	selected	body	measurements,	 the	manual	method	
produced	better	results	than	the	3D	body	scanner.	However,	the	difference	between	the	two	methods	was	







Scanners	 using	 white	 light	 and	 laser	 light	 sources	 have	 been	 on	 the	market	 for	 a	 long	 time,	 unlike	 the	
relatively	new	infrared	light	source	scanners,	and	may	give	better	results.	Also,	the	reliability	and	precision	
of	 the	scanner	output	 is	directly	 related	 to	 the	quality	of	 the	automated	software	 that	 is	used	 to	extract	
measurements.	Some	studies	on	body	scanners	have	been	conducted	over	the	years	that	conclude	that	they	
can	be	both	reliable	and	precise	enough	for	anthropometric	data	collection	for	many	end	uses.	Using	a	3D	
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